
j . . 

heal th ,  safety, and efficiency of an  astronaut. Since any adverse effects of a par- 

ticular ecvironment would be expected to influence netirbolic activity, our experi- 

nients wer3 designed to study the effect of environment on metabolic pools. 

Methods 

The environmental condition chosen for  the experimental animals was 9370 

oxygen with an atinospheric pressure of 5.22 psi. Control animals were maintained 

under norinal atmospheric conditions. Twenty-four male Holtzman rats were divii-  

ed into four groups, with each group having six rats with an  average weight of 360 

grams. ‘Iwo of these groups served a s  experimental animals and were housed in 

steel environmental chambers with glass windows. The other two groups served 

as control animals ,and were housed in identical chambers except these were 

constructed of wood.. The gaseous environment in the experimental chambers 

was provided by passing oxygen into the Collins gasometer, . 
which served as a reservoir and of the oxygen. A v l c h  

Duo-seal vacuum pump with needle valves w a s  used to maintain the desired atmos- 

pheric pressure.  Yhe flow rate of the water-saturated oxygen was maintained at a 
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cor--stsl?t rate of 3 5 0  m l  per minute. The control chambers had air pulled through 

tfkm at c:ie same rate as oxyge2 was addc,d to the experimental chambers. This 

was done by formiiig a slight vacuum with a water aspirator. All rats were ex- 

posed to these co~itlitions for 8 hours each day. During the remaining 16 hours, 

they were  kept in individual metal cages under normal atmospheric conditions. 

All  four  chambers were maintained at approximately 26O C and all contained 

soda licic: to t rap C 0 2  and silica gel to ab:,orb water. Food and water were given 

ad :iblti,rn. To red.icle the chance of chroriic o r  sub-clinical diseases, especially - ---- 
r e s p i r a t o r y  d i s e a s e s ,  Tylosin tar t ra te  vias added to the drinking water a t  a concen- 

L A -  i -)f 590 ,ug/gai. The r a t s  were allowed free movement in the chamber; that 

i s ,  L;\:y were not piiced into individual restraining cages. 

Results and .Discussion 

After exposurc: to this environment for thirty-four days, eighteen of the animals 

were  sacrificed. Coml zring average body weights and the organ weights, which a r e  

cxpi-essed as per cents of body 

significant differences in these 

tookcd normal. 

Lipiu was extracted from 

weights, (Table l), it is obvious that there were no 

parameters.  Further,  the experimental animals 

the liver, heart, kidney, brain, and muscle. The 
- 

weight 01 this lipid expressed a s  the per cent of organ weight is shown in  Table 2. 

W e  wcre uiiable to demonstrate any significant change except perhaps in  the heart  

l i i ~ i d ,  ki-1: even this was significant only at the 570 level. 

in the direction oi higher lipid content in the experimental animals. 

However, the trend was 
I 9. 

The serum proteins were analyzed by ultracentrifugation. Using equivalent 

amounts of se rum from each of the experirx:ntal animals as a pool to compare 



.. 

a similar pool of controls, a preparativz run tc sepa::ate lipoproteins was made for 
e '  

twenty-four hour., at  20° C at  104, 003  x g in a KBr - NaCl solution, the final density 

of which was 1.21.  

amount of lipoprotein that the control an imds  contained. 

The experimental animals quantitatively contained one half the 

Additionally, an  analytical 

r u n  WZL. made of The proteins per  se. 

the 19-5  fraction. 

'I lis analysis $showed a marked reduction in  -- 

Rased upon a pilot experiment, L - (  ticipaiet! changes in metabolism even 

though 1 1 3  major changes in body compo: _ _  . ' ' 5  - skserved except for the ones clut- 

- .  .! ', . a-izd .-:i-:,;ve. 

C ! ~ I L L  IIL..::-S p e r  d::;.~ for six days, a eer: ;  ';j 12; injections was begun using sodium 

a r : e z a ' i e . - ~ C ~ ~  at  

The refore, after the aaim;:l:; '(%'<;re rnaintained in the chambers for 

rate of 60 uc per  kg of body weight. The injections were ma.de 

i i~t :_a~~~.- i i 'oneal ly .  After exposure to t h e  environmental conditions for an additional 

iwenty-zight days,  all the animals were sacrificed. 

mental a d  one control) had been injected at one-half hour, 8 hours, and 1, 4, 9, 14, 

Pairs of animals (one experi- 

21, and 28 days prior to sacrifice. All injections weice made at 7:30 am. 

A n  aliquot of the CO2 trapped during the f i r s t  eight hours after injection with 

radioacetate was i:aken from both the control and experimental chambers and analy- 

zed f o r  radioactive CO2. The radioactive C 0 2  expired by the experimental animals 

i s  cxpreased a s  a per  cent of the control animals in  Table 3. 

iabc.led C02 by the control animals was fairly constant. 

The expiration of 

The experimental animals 

apparent:Ly were metabolizing at  a lower rate than the control animals and as the 

experimcmt progressed the experimental animals apparently did not adapt t o  the 

environment but metabolized at even a slower rate. 

Ta'de 4 shows a typical ser ies  of results over a three-day period after in- 

jection. Durin;? the first eight-hour period post-injection, the can trol  animal 
~~~ 



expired more of th.2 radioactivity as  COz t k n  the experimental animal. The second 

cky this trend was reversed, but the thii:L day after inijection the control was again 

ex?irii:g rnGre radioactive C02. These rI:sults were typical for the .three days post- 

injection in all of the experiments during the whole injection ser ies .  Several inter- 

pretstions2 a re  poszible. Perhaps the raclio-CO2 expired on the day of injection 

represents the catabolism of acetic acid per se.  If  this is true, the catabolic ra te  -- 
for  radio-acetate i:; greater in the control animals. The C 0 2  expired the day after 

injection may represent an interim time in the metabolism of acetate; that is, in the 

coritrol animals acetate has for the most part either been catabolized to C02 or  in- 

corporated into the body’s metabolic pools. On tAle second day post injection, per- 

haps the iincrease i:n the expired radio-C02 by the control animals is a result  of 

catabolism of the b d y ’ s  metabolic pools. If this interpretation i s  true, then the 

chta v,~oiild suggest again that the experimental animals have a lower catabolic rate. 

- i’he altc.riiative i s  enat the experimentai animals a r e  converting the acetate into 

metabolic: products a t  a greater rate than -:he experimental animals. If this be the 

case, then there w c d d  be less  radio-acetate for the experimental animals to cata- 

bolize to CO To differentiate these two possibilities, the radioactivity in the 
2’ 

tis sue p o ~ l s  was determined. 

Each of the five tissues indicated above (liver, heart, kidney, brain, and 

skeletal muscle) V J E  r e  extracted twice with a ch1oroform:methanol:water system 

(1: i:O. 9).  The inccrporation of radioacets.te into lipids of brain and muscle was 

e:it.cemely iow. Thas .we were unable to demonstrate any difference. However in 

r’:( II v r c : ~ ,  the inccrporation of radioaceLte wiis manyfold higher in the control 

(1’ - I.:<’ I), suggesting that lipid synthesis was reduced in the experimental animals. 
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. 'I .,Imllar plot in the case of heart  lipid (Figure 2)  indicates that a similar reduction 
c 

c,:. ii2id iynthesis occurred. 

lipid i:.i t k a  heart of experimental animals therefore suggest that catabolism is also 

rcdcced. The data on kidney lipid (Figure 3)  suggests that, not only is there a de- 

+:j.-z:Lsc i::i the rate ,af synthesis, but also a reduction of the catabolic ra te  as well. 

The earlier weight data showing that there is more  

W-c: wondered what types of lipid w e r e  most effected. We therefore pooled 

c(ji:ivzle:ir arnounts of the liver lipids of the experimental animals injected half-hour, 

eight-hour, and ona-day prior to sacrifice and compared these lipids with the cor res -  

ponding ones obtained from the control animals. 

on silicic acid columns and eluted by the scheme of Barron and Hanahan into the 

fractions indicated in Table 5. The f i rs t  two columns of figures show the weight 

of the r'ractions expressed as a per cent 05 the total lipid and indicate the major al- 

LcL-aticr. was a total. decrease in the hydrozarbon and sterol es ter  fractions with a 

c:oncorzitz-nt increase in the triglycerice and unesterified fatty acid (UFA). 

ncs t  two columns show the incorporation of radioacetate into the corresponding 

fractions. 

particularly in the triglyceride and UFA, free sterols, and phospholipid fractions. 

However the data presented in this form do not clearly indicate whether this is a 

genera l  decrease or a rather specific effect. Table 6 shows the specific activity 

oi tncse Zipids expxessed as dpm per mg. The major alteration here is  observed 

ifi the Triglyceride and bFA fraction as well a s  the tot31 lipids. 

in 

column shows the Epecific activity expressed as a per !cent activity/unit weight. 

This gives us an indication of where the acetate was incorporated. 

These pools were chromatographed 

The 

These indicate that there was a tremendous decrease in total fat synthesis 

The general trend 

(71 tiie las t  four fractions is toward a decrease in specific activity. The second 

These data 



indicate that the r iore  dramatic alter;,,' 

Z T E ~ C ~ ~ G E . ,  suggesting that fatty acid sy::'t:i , . s  I: is c?ra:;ti.cally reduced. 

93% of i.hc weight of a t r iglyrPri?s  i, 2L., ... , .  L 2. .ry- acids. ) Although anabolism 

. - L C L E - Y : - : ~ .  in the triglyceride t UFA 

(Approximately 

>ressively reduced, catabolism 7 ,::s >i-obaLiy even more reduced. Thus the 

~ . L I - C : I . , . I  result 'CS.',LS an increase in t o t d  -..issue lipid. 

Since these data suggest a decrease in fatty acid synthesis, the natural 

3.2..L(:siia:i , , . .  would be,  "Is this a general d e c r e a s e  ir, fatty acid synthesis, or a r e  ce r -  

tain fatty acids m3re efiected than o the r s?  ' I  A gzs-liquid chromatogram of the 

fatty acids in the liver of the control animrals (Figure 4) shows the relative arn0ur.t of 

each fatty acid present. 

graphy aialysis .  

of the major peaks. 

retention time thzn palmitoleic acid but less  than heptadecanoic acid. 

togram of l iver fztty acids of the experimental animals, (Figure 5 ) ,  note that this 

sixteen carbon peal: is  almost absent and that one of the C14 peaks {not 14:O) is 

dramatically redr;.ced. 

tered. 

fic activity of the oleic acid is greatly reduced. 

is sonic: alteratiox in the rate  of synthesis of the unsaturated fatty acids. 

The fat i s  the sanie as that used in the column chromato- 

Note the specific acxi\;ity (7' of radioactivity/mole 70) under each 

Note also the presence of a c16 fatty acid which has a greater  

In the chroma- 

Otherwise the quantitative aspects a r e  not particularly al- 

'Ne a r e  nclt at this time sure  what the Clt, acid is. Additional-ly, the speci- 

It is therefore possi3le that there 

Reflecting c m  our ultracentrifuge work, a decrease in lipid anabolism and 

cstF,bclisni would be expected to result i:n a decrease in lipid transport  So one might 

s e e  a decrease in  serum lipoprotein, especially the high density lipoprotein asso-  

ciated Kith the chylomicron. Thus both. sets of data support the same thesis. 

In order t,s get some indication of carbohydrate pools, the lipid extracted 

homogenate was made 5% with respect to trichloroacetic acid (TCA) to precipitate 
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. thc  proti-in. The radioactivity in the TCA-soluble material  is  shown on Table 7. 

. -Similar to our C 0 2  data, the control aniixils initially show a greater incorpora- 

tion of acetate. However, after twenzy-four hours the trend is reversed. If one 

cornp;cu  the co~t i .01  animals at eight and twenty-four hours, one sees  an active 

catabclism. This '.s not readily apparent when you compare the experimental 

animals a t  eight and twenty-four hours. It should be observed that the values for 

the l i i hey  in both instances xre higher than the corresponding control. 

The TCA-insoluble portion was w h ~ : i ? e d  with 20% TCA, solubilized at pH 8.2 

and the protein concentration determinec! -, c\-ctrophotoinetrically at 260-280 mp. 

Thc radioactivity iiicorporation was so iLJ '. :a; co i1:p::eciable actikity was observed 

r -  in either the muscle or the brain. Howi:; t Y ab;.<: 8; shows the specific activity 

i n  the TC:A-insolublc; L-ixtion of the l i v e r  .it i -c j  d~-id kidney. With respect to the 

, l b <  I . )  in the ex:>erimental animals .;h, +\- 2 slower rate  of incorporation. No 

i-p;)reciz d e  difference was observed in the  Iieart, although activity was quite low. 

in the kiclney, similar to the TCA-solu5le fraction, t h e  specific activity is  constantly 

;ii;;her, :- .uggesting~ i f  anything, ar, incrcei:sc in the metabolic activity of the kidney. 

W e  did not determine whether acidosis existed in the experimental animals; but i f  

this occurred, ther. the kidney may very well work harder  than the kidney of the 

contl-01 animals. 

may differ f rom thc other tissues of the bady. 

I t  is therefore plausible that the metabolic activity of this tissue 

The proteins in  the serum were also analyzed by paper electrophoresis using 

a veronal buffer (diethyl barbituric acid ani! Its sodium salt) (0.075 p, pH 8.6). 

s t r ips  were stained. with bromphenol blue and quantitated in  an analytrol. 

The 
2 

No con- 

sistent diiferences were observed quantitatively in the various fractions between the 



. 
exFc:rirn.c:ntal and control animals. 

'.,verLt,r- , 
t rol  tends t o  be a :.itt?e higher. 

are consistently h:.gher. 

tweri.ty-Loi;r hours I 

mental Lniznals, saggesting a reduction ir_ catabolism. 

Fo'Li..ever, the specific activities after eight and 

(r, t' .our hours (Table 9) show once again that in the eight-hour animals the con- 

After twenty-four hours the experimental animals 

Again cornpaye the experimental animals at eight and 

Less reduction in specific activitq is observed in the experi- 

Ccnciasions 

W e  must emphasize at this point that these data a r e  the result of one full 

cxperimont and one pilot experiment. 

replicate experiment. 

anirrnl to the envi::onment continuously for twenty-eig.i?t days. 

points demonstrated in the Lxperiment reported here a r e  that metabolism in gen- 

e ra l  reduced by at  least  10% and perhaps even more, that metabolically speaking 

the ariirrials do not appear to be adaptiiyg :j 

that the metabolic alterations observed .: 

per day that the ar.imals were outside thc c -~SE.::. These parameters,  therefore:, 

rt:?resent: those imost sensitive in an irrc. 

We. intend to challenge these results in a 

However in the next experiment we intend to expose the 

Th'e impressive 

?x?e:rimental environinent, and 

:js.! not be repaired in the sixteen hours 

sible manner to the "space capsule'' 

Pc:rhaps the utilization of the lipoprotein measurement in serum should be 

i u r t h e r  investigated a s  a possible clinical indicator of metabolic damage in an 

~ ~ ; l ; : I - 3 1 1 - a ~  . s .  

Finally it must be emphasized that ( I )  these metabolic alterations were ob- 

served in spite of the fact that there were no differences in  body weight nor gross 
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dlfie::zrices in b0d.y composition; (2) w e  do not know whether these e r r o r s  in meta- 

bolisri.  can easily be repaired after cessation of exposure to the experimental 

civironnient; and ( 3 )  we do not know i f  these errors in metabolism a r e  due to the 

cfiects of 02, the absence of N2, or  barometric pressure. 

t k . ~ : ~ ~  c!a:a to general tissue catabolism a s  measlired by the activity of lysozomal 

e:iz;rrnes and the clxidiation of metabolites, enzymes and cofactors a r e  currently 

The relationship of 

under investigatio:i in our laboratory. 

, 
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TABLE 1 

BODY AND ORGAN WEIGHTS 

Control 
Avg. i3ody Weight (gms)* 405 

(7'2 of 3ody Weight 
Liver 
Kidney 
Brain 
Heart 

3.0 
0.7 
0.3 
0 . 2  

Experimental 
403 

3 . 1  
0.7 
0.4 
0 . 2  

I 

:+ At the i5:ne of sacrifice 



TABLE 2 

Liver 
Heart 
Kidney 
Brain 
Muscle 

LIPID AS % OF ORGAN WEIGHT 

Contr 01 

1. 6 
1 .9  
3. 1 
6.0 
5.2 

Experimental 

1.8 
3.5s 
3 . 6  
5.7 
8.1 

- 
Significa:ltly greater than the control ( P = O .  05) 
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TABLE 3 

C j 4 0 2  EXPIXATION EY 2XPEKIME:NTAL ANIMALS 
IN FIRST 8 HOLicS POST-INJECTION 

(expressed as  

Day* - 
8 

20 

28 

'$0 oi paired. control animal) 

70 of Control 

90 

79 

77 

- 

:% Day of injection in the 28 day experiment 

. 



TABLE 4 

~ 1 4 0 ~  EXPIRATION’ 

(for the 1st 8-hour period of each day indicated) 

DAY* 

20 

21 

2 2  

dpm 

Con1 rol 186, 390 
Expcrimental 108, 838 

Con:rol 5 64 
Expcrimental 1, 7 14 

- 

2: Day of the 28 day exserirnent 
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FIGURE 2.  <'cjt&l Heact Lipids 
(Specific activity vs t ime post -injection) - 
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FIGURE 3 .  To :a1 KiSZy Lipids 
(Specific activity v t ;  time post- inj ection) 
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